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50

51 Study importance

52 What is already known about this subject: Physical activity decreases and BMI increases with 

53 advancing age when studied separately. 

54 What this study adds: Physical activity and BMI are interconnected and there is a negative 

55 association between physical activity and BMI. In this study, four clusters of BMI and physical activity 

56 trajectories were indentified.

57
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58 ABSTRACT

59 Background

60 Physical inactivity and body weight tend to increase with age, but their concurrent changes across life 

61 is less studied. The objective was to identify concurrent developmental trajectories of physical activity 

62 and Body Mass Index (BMI) over 16 years.

63 Methods

64 66,852 participants from the Finnish Public Sector cohort study were included. Physical activity during 

65 leisure time and commuting and self-reported BMI were assessed with questionnaires. Participants 

66 were divided into two age groups; <50 and >50 years at baseline. Group-based multi-trajectory 

67 modeling was used to investigate the clusters of concurrent BMI and physical activity trajectories over 

68 16 years. For sensitivity analysis, the respondents were stratified by gender.

69 Results 

70 At baseline, mean age was 44.7 (SD 9.4) years, BMI 25.1 (SD 4.1) kg/m2 and physical activity 27.7 (SD 

71 24.8) MET-h/week. Four clusters of concurrent BMI and physical activity trajectories were identified 

72 in both age groups. Overall, there was negative association between BMI and physical activity at 

73 baseline with BMI increasing and physical activity decreasing over time. The decline in physical activity 

74 and increase in BMI were steeper among the respondents with obesity or severe obesity, who had 

75 moderately low or low level of physical activity.

76 Conclusions

77 Changes in BMI and physical activity were interconnected. 

78

79 Keywords
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80 “Physical activity”; “Body Mass Index”; "Population Dynamics"[Mesh]; "Population 

81 Characteristics"[Mesh]; “Population Health"[Mesh]; ("Prevalence"[Mesh]); "Longitudinal 

82 Studies"[Mesh]

83

84 Strengths and limitations of this study

85 Long follow-up of 16 years

86 Large sample size of 66,852 participants

87 Repeated measurements of physical activity and BMI

88 Only leisure-time physical activity was taken into account, leaving out work-related activity

89 BMI and physical activity were self-reported, which may cause bias
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90 INTRODUCTION

91 Both obesity and physical inactivity have negative impact on multiple aspects of health and they 

92 increase the risk of mortality 1-3. Ageing is associated with gaining weight and decreasing physical 

93 activity 4-6, but less is known whether these changes occur simultaneously and how much 

94 heterogeneity there is in the developmental trajectories of body weight and physical activity. 

95 Few studies have examined heterogeneity in weight development over time more closely. 

96 A study amongst 30-year-old US war veterans identified five different, but all increasing, trajectories 

97 of body mass index (BMI) over 6-year follow-up 6. However, the steepness of trajectories varied: while 

98 the non-obese participants showed only a small increase in BMI, the increase was much steeper 

99 among the participants with obesity. Another study from the US conducted on 60-year-old overweight 

100 participants identified seven weight trajectories of which most showed either stable overweight, 

101 continuously increasing BMI or relapse after weight loss. Even in the two trajectory groups showing 

102 decrease in BMI the participants remained overweight.7. 

103 Physical activity has also been reported to change over time. Leisure time physical activity 

104 among women has previously been reported to increase until age of 50 years and start to decrease 

105 after that.4 For men, the change in leisure time physical activity has been reported to vary between 

106 different types of activity - while moderate physical activity increased, low and high levels decreased.5 

107 Studies concerning trajectories of physical activity have found variation in development of activity. A 

108 22-year follow-up study from Canada among initially 18 to 60 year-olds has identified trajectories of 

109 consistently inactive, increasing, consistently active and decreasing leisure time physical activity.8 

110 Another study conducted in the US among 120 initially overweight people aged 54 (9) years has 

111 measured activity with pedometers and identified ”sedentary” and ”low active” groups (decreasing 

112 daily count of steps), ”somewhat active” group (persistent daily count of steps) and ”active” group 

113 (increased daily count of steps) in 18-month follow-up.9

114 The association between higher levels of physical activity and lower BMI has been established 

115 in adults 10 11, and there has been some evidence that this association might be most pronounced 
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116 when physical activity exceeds 150 min/week.10 There is, however, limited knowledge on 

117 simultaneous changes in these two factors. In short-term follow-up (18 months) among overweight 

118 54-year-old Canadians, a trajectory with increasing activity has been associated with a trajectory of 

119 greater weight loss.9 There is yet little knowledge on these two factors over longer follow-up. It is also 

120 unknown whether developmental patterns of BMI and physical activity differ by age or by gender. 

121 To address the gap in the literature, the objective of this study was to examine concurrent 

122 changes in BMI and physical activity over 16-year follow-up by using a group-based multi-trajectory 

123 analysis. While conventional statistics show a trajectory of average change of outcome over time, 

124 group-based trajectory modeling can distinguish and describe subpopulations (clusters), which may 

125 differ substantially from each other and from the average trajectory seen in the entire population. The 

126 aim was also to examine, whether the distinguished trajectories are different for less than 50-year-

127 olds and over 50-year-olds and whether the results are different when the study population is 

128 stratified by gender.
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129 METHODS

130 Study population

131 Participants were drawn from the Finnish Public Sector (FPS) cohort study of employees of 10 towns 

132 and six hospital districts. Data included responses to five questionnaire surveys administered to the 

133 FPS sub-cohorts in four-year intervals from 2000 to 2017 (average response rate 70%). The baseline 

134 was the response given in 2000 or 2004. Participants who had reported their BMI and physical activity 

135 in at least two waves were included in the analysis. The ethics committee of the Hospital District of 

136 Helsinki and Uusimaa approved the study (registration number HUS/1210/2016).

137 Physical activity was assessed with a questionnaire at all four-year intervals. The respondents 

138 were asked to estimate their average weekly hours of leisure-time physical activity/exercise and 

139 commuting activity within the previous year. The time spent on activity at each intensity level in hours 

140 per week was multiplied by the average energy expenditure of each activity, expressed in metabolic 

141 equivalent of task (MET). 12 The MET is a ratio of rate of energy expenditure reflecting the amount of 

142 consumed energy compared to resting. One MET unit of 3.5 ml of oxygen per kg per minute 

143 corresponds to oxygen consumption when calmly sitting down. 

144 The BMI was defined as weight/height2 (kg/m2) based on self-reported body weight and height. The 

145 interpretation of the mean level of BMI trajectories was based on the following categorization:  normal 

146 weight (<25 kg/m2), overweight (25 to 29.9 kg/m2), obese (30-34.9 kg/m2) and severely obese (35 

147 kg/m2). Of the respondents, only 934 (1%) had BMI <18.5, and thus, for the matter of clarity, BMI <25 

148 was considered “normal”. Age was defined in full years. 

149 Statistical analysis

150 The characteristics of participants were reported as means and standard deviations or as absolute 

151 numbers and percentage when appropriate. 
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152 Group-based multi-trajectory analysis (GBTA) was used to distinguish different developmental 

153 trajectories for physical activity and BMI, both treated as continuous variables. A censored (known 

154 also as ‘regular’) normal model of group-based multi-trajectory analysis was used. The goodness of 

155 model fit was judged by running the procedure several times with a number of subpopulations starting 

156 from one up to six. The Bayesian Information Criterion (BIC), Akaike information criterion (AIC) and 

157 average posterior probability (APP) were used as criteria to confirm the goodness of fit. A cubic 

158 regression was applied. The cut-off for the smallest group was set at >5%.  The trajectory analysis was 

159 conducted on two age-groups <50 and >50 years as previous studies have suggested that changes in 

160 BMI and physical activity may vary depending on the age 13 14. The sensitivity analysis was conducted 

161 by dividing both age groups by gender. 

162 All the analyses were performed using Stata/IC Statistical Software: Release 16. College 

163 Station (StataCorp LP, TX, USA). The additional Stata module ‘traj’ was required to conduct group-

164 based trajectory analysis. The module is freely available for both SAS® and Stata software (Jones and 

165 Nagin 1999; 2013). 

166 Patient and public involvement

167 Participants of research were not involved in setting the study question and outcome measures and 

168 were not involved in the design and implementation of the study or writing the manuscript.
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170 RESULTS

171 During the 16-year follow-up, the 66,852 participants had reported body weight and height on average 

172 in 3.5 (SD 1.3) study waves and physical activity in 3.6 (SD 1.3) study waves. The sample was 

173 predominated by 53,468 women (80%). In the younger group ( 50-year-olds) mean age was 39.8 (SD 

174 7.2), BMI at baseline was 24.6 (SD 4.0) kg/m2 and average physical activity was 28.8. (SD 25.5) MET-

175 h/week. In the older group (>50-year-olds), age was 55.0 (SD 2.9), BMI 25.6 (SD 4.2) kg/m2 and physical 

176 activity 26.7 (SD 24.1) MET-h/week.

177 A four-trajectory model was chosen as the five-trajectory model had resulted in a smallest group 

178 below a pre-agreed cut-off of 5% (Table 1). Four concurrent trajectories of BMI and physical activity 

179 were identified for both age groups (Figure 1 and Figure 2): 

1801. Group 1 (38% among < 50 years, 32% among ≥ 50 years): Individuals with normal weight (BMI <25 

181 kg/m2) and high level of physical activity (30-35 MET-h). 

1822. Group 2 (39% among < 50 years, 42% among ≥ 50 years): Individuals with overweight (BMI 25 to 30 

183 kg/m2) and moderately high level of physical activity (25-30 MET-h). 

1843. Group 3 (18% among < 50 years, 21% among ≥ 50 years): Individuals with obesity (BMI 30 to 35 kg/m2) 

185 and moderately low level of physical activity (20-25 MET-h). 

1864. Group 4 (5% among < 50 years, 5% among ≥ 50 years): Individuals with severe obesity (BMI >35 kg/m2) 

187 and low level of physical activity (<20 MET-h).  

188 Group 1: Individuals with normal weight and high level of physical activity

189 In this group, the younger respondents demonstrated a stable high level of physical activity with a 

190 slight rise towards the end of follow-up and their BMI increased slightly throughout the follow-up. For 

191 the older respondents, the level of physical activity decreased markedly during the follow-up, even if 

192 there was a slight rising pattern in the middle of follow-up. At the same time, the trajectory of BMI 

193 remained flat.

194 Group 2: Individuals with overweight and moderately high level of physical activity
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195 In this group, the level of physical activity declined in both age groups, but the decline was steeper 

196 among the older respondents. In younger respondents, the decrease of physical activity slowed down 

197 slightly towards the end of follow-up. Simultaneously, BMI was steadily growing among younger 

198 respondents, while remaining relatively flat in older group.

199 Group 3: Individuals with obesity and moderately low level of physical activity

200 The physical activity and BMI trajectories were similar to the trajectories observed in group of 

201 overweight individuals with moderately high level of physical activity (group #2), but with a slightly 

202 steeper decline in physical activity and steeper increase in BMI.

203 Group 4: Individuals with severe obesity and low level of physical activity

204 Also in this group, physical activity decreased and BMI increased. In younger respondents, this 

205 development slowed down at the end follow-up for both physical activity and BMI. Instead, in older 

206 respondents, the decrease in physical activity accelerated towards the end of follow-up with 

207 simultaneous slight decline in BMI.

208 Sensitivity analysis

209 Stratifying the respondents by gender in addition to age resulted in similar findings with few 

210 exceptions (supplementary figures E1-E4). Among normal weight or overweight respondents, the 

211 decline in physical activity was steeper among men compared to women. 
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212 DISCUSSION

213 This prospective cohort study in 66,852 public sector employees followed repeatedly by 4-year 

214 intervals investigated trajectories of concurrent changes in BMI and physical activity over 16 years. 

215 Four trajectory clusters were identified for both participants aged <50 and for those >50 years: 1) 

216 individuals with normal weight and high level of physical activity; 2) individuals with overweight and 

217 moderately high level of physical activity; 3) individuals with obesity and moderately low level of 

218 physical activity; and 4) individuals with severe obesity and low level of physical activity. On average, 

219 BMI increased and physical activity decreased during the follow-up. Some trajectories demonstrated, 

220 however, distinctive features. Over time, the respondents with normal weight or overweight gained 

221 only a little weight while preserved a high or moderately high level of physical activity, even if the 

222 intensity of physical activity mildly decreased especially in older respondents. The decrease in physical 

223 activity and increase in BMI were steeper among the respondents with obesity or severe obesity, who 

224 had moderately low or low level of physical activity already at the start of the follow-up. Among the 

225 normal weight or overweight respondents, decline in physical activity was steeper among men 

226 compared to women.

227 The observed age-related weight gain is in line with previous studies 4-6 15, as well as the decline 

228 in physical activity 4 16 17. Previous studies have also shown that an increase in BMI slows down with 

229 advancing age, and this was also supported by the present findings – the rise in BMI was steeper in 

230 the younger respondents 18 19. During the follow-up, the decline in physical activity mirrored the 

231 increase in BMI. Similar findings have been reported before – several studies conducted among 

232 middle-aged adults have observed an association between physical activity and weight gain 10 11 20 21. 

233 This association has been described to be dose-dependent – physically active individuals gain less 

234 weight than inactive peers. 11 Current results support this finding, since the increase in BMI was less 

235 steep in the more active groups. The amount of activity needed to prevent weight gain has been 

236 debated. Some studies have concluded that current activity recommendations are not sufficient 

237 enough to prevent weight gain and that there is a need for higher activity to remain in the normally 
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238 weighted category 10 11 20. This is in line with the current findings – only high physical activity was 

239 associated with normal weight. 

240 The strengths of the study were long follow-up of 16 years, repeated measurements on 

241 physical activity and BMI, and a large sample size. For our knowledge, there are no previous multi-

242 trajectory analyses of the relation between physical activity and BMI conducted in adults. 

243 The study has also some limitations. Physical activity was self-reported and only leisure-time 

244 and commuting activity were inquired. Thus, physical activity at work was not considered. The 

245 distribution of physical activity intensity was skewed – most of the participants were at least 

246 somewhat active, and even in the least active group the mean activity level was approximately 18 

247 MET/week. BMI was also based on self-reported weight and height, which may cause recall and 

248 information bias, possibly resulting in under-reporting of body weight 22. Most of the participants had 

249 BMI above 25 indicating overweight or obesity (62% in the age group of <50 years and 68% in the 

250 older), which may reflect the current overweight and obesity pandemic. The cohort included 

251 predominantly working-age women employed in public sector. Therefore, the results might not be 

252 directly reflected on the entire population, since there might be variation in behavior, for instance 

253 among unemployed people or entrepreneurs. Moreover, a public sector often employs people with 

254 higher socioeconomic status, who might have more knowledge and financial resources to healthy 

255 lifestyle choices compared to manual workers. 

256 Conclusions

257 Changes in BMI and physical activity were interconnected. The normal weight or overweight 

258 respondents gained only a little weight while preserved a high or moderately high level of physical 

259 activity. Compared to normal weight trajectories, the decrease of physical activity and increase in BMI 

260 were markedly steeper among the obese or severely obese trajectories, who also had moderately low 

261 or low level of physical activity. Among the normal weight and overweight trajectories, decline in 

262 physical activity was steeper among men compared to women. Since physical inactivity and 
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263 overweight are both risk factors for many diseases, more research is needed to develop interventions 

264 that could simultaneously affect both.  
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265 LIST OF ABBREVIATIONS

266 BMI: Body Mass Index

267 FPS: Finnish Public Sector cohort study

268 MET: Metabolic Equivalent of Task

Page 16 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

16

269 REFERENCES

270 1. Bull F, Goenka S, Lambert V, et al. Physical Activity for the Prevention of Cardiometabolic Disease. 
271 In: rd, Prabhakaran D, Anand S, et al., eds. Cardiovascular, Respiratory, and Related 
272 Disorders. Washington (DC)2017.
273 2. Bigaard J, Frederiksen K, Tjonneland A, et al. Waist circumference and body composition in 
274 relation to all-cause mortality in middle-aged men and women. Int J Obes (Lond) 
275 2005;29(7):778-84. doi: 10.1038/sj.ijo.0802976 [published Online First: 2005/05/27]
276 3. Obesity: preventing and managing the global epidemic. Report of a WHO consultation. World 
277 Health Organ Tech Rep Ser 2000;894:i-xii, 1-253. [published Online First: 2001/03/10]
278 4. Sui X, Zhang J, Lee DC, et al. Physical activity/fitness peaks during perimenopause and BMI change 
279 patterns are not associated with baseline activity/fitness in women: a longitudinal study with 
280 a median 7-year follow-up. Br J Sports Med 2013;47(2):77-82. doi: 10.1136/bjsports-2011-
281 090888 [published Online First: 2012/07/10]
282 5. Droyvold WB, Holmen J, Midthjell K, et al. BMI change and leisure time physical activity (LTPA): an 
283 11-y follow-up study in apparently healthy men aged 20-69 y with normal weight at 
284 baseline. Int J Obes Relat Metab Disord 2004;28(3):410-7. doi: 10.1038/sj.ijo.0802569 
285 [published Online First: 2004/01/16]
286 6. Rosenberger PH, Ning Y, Brandt C, et al. BMI trajectory groups in veterans of the Iraq and 
287 Afghanistan wars. Prev Med 2011;53(3):149-54. doi: 10.1016/j.ypmed.2011.07.001 
288 [published Online First: 2011/07/21]
289 7. Fitzpatrick SL, Rosales AG, Brown SD, et al. Behavioural and psychosocial factors associated with 5-
290 year weight trajectories within the PORTAL Overweight/Obesity Cohort. Obes Sci Pract 
291 2020;6(3):272-81. doi: 10.1002/osp4.411 [published Online First: 2020/06/12]
292 8. Barnett TA, Gauvin L, Craig CL, et al. Distinct trajectories of leisure time physical activity and 
293 predictors of trajectory class membership: a 22 year cohort study. Int J Behav Nutr Phys Act 
294 2008;5:57. doi: 10.1186/1479-5868-5-57 [published Online First: 2008/11/08]
295 9. Imes CC, Zheng Y, Mendez DD, et al. Group-Based Trajectory Analysis of Physical Activity Change 
296 in a US Weight Loss Intervention. J Phys Act Health 2018;15(11):840-46. doi: 
297 10.1123/jpah.2017-0484 [published Online First: 2018/10/14]
298 10. Jakicic JM, Powell KE, Campbell WW, et al. Physical Activity and the Prevention of Weight Gain in 
299 Adults: A Systematic Review. Med Sci Sports Exerc 2019;51(6):1262-69. doi: 
300 10.1249/MSS.0000000000001938 [published Online First: 2019/05/17]
301 11. Moholdt T, Wisloff U, Lydersen S, et al. Current physical activity guidelines for health are 
302 insufficient to mitigate long-term weight gain: more data in the fitness versus fatness debate 
303 (The HUNT study, Norway). Br J Sports Med 2014;48(20):1489-96. doi: 10.1136/bjsports-
304 2014-093416 [published Online First: 2014/05/02]
305 12. Leskinen T, Stenholm S, Aalto V, et al. Physical activity level as a predictor of healthy and chronic 
306 disease-free life expectancy between ages 50 and 75. Age Ageing 2018;47(3):423-29. doi: 
307 10.1093/ageing/afy016 [published Online First: 2018/03/17]
308 13. Stenholm S, Pulakka A, Kawachi I, et al. Changes in physical activity during transition to 
309 retirement: a cohort study. Int J Behav Nutr Phys Act 2016;13:51. doi: 10.1186/s12966-016-
310 0375-9 [published Online First: 2016/04/17]
311 14. Stenholm S, Solovieva S, Viikari-Juntura E, et al. Change in body mass index during transition to 
312 statutory retirement: an occupational cohort study. Int J Behav Nutr Phys Act 2017;14(1):85. 
313 doi: 10.1186/s12966-017-0539-2 [published Online First: 2017/06/28]
314 15. Yang Y, Dugue PA, Lynch BM, et al. Trajectories of body mass index in adulthood and all-cause 
315 and cause-specific mortality in the Melbourne Collaborative Cohort Study. BMJ Open 
316 2019;9(8):e030078. doi: 10.1136/bmjopen-2019-030078 [published Online First: 
317 2019/08/12]

Page 17 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

17

318 16. Achttien RJ, van Lieshout J, Wensing M, et al. The decline in physical activity in aging people is 
319 not modified by gender or the presence of cardiovascular disease. Eur J Public Health 
320 2020;30(2):333-39. doi: 10.1093/eurpub/ckz159 [published Online First: 2019/09/29]
321 17. McAuley E, Hall KS, Motl RW, et al. Trajectory of declines in physical activity in community-
322 dwelling older women: social cognitive influences. J Gerontol B Psychol Sci Soc Sci 
323 2009;64(5):543-50. doi: 10.1093/geronb/gbp049 [published Online First: 2009/06/17]
324 18. Brown WJ, Kabir E, Clark BK, et al. Maintaining a Healthy BMI: Data From a 16-Year Study of 
325 Young Australian Women. Am J Prev Med 2016;51(6):e165-e78. doi: 
326 10.1016/j.amepre.2016.09.007 [published Online First: 2016/11/22]
327 19. Lewis CE, Jacobs DR, Jr., McCreath H, et al. Weight gain continues in the 1990s: 10-year trends in 
328 weight and overweight from the CARDIA study. Coronary Artery Risk Development in Young 
329 Adults. Am J Epidemiol 2000;151(12):1172-81. doi: 10.1093/oxfordjournals.aje.a010167 
330 [published Online First: 2000/07/25]
331 20. Erlichman J, Kerbey AL, James WP. Physical activity and its impact on health outcomes. Paper 2: 
332 Prevention of unhealthy weight gain and obesity by physical activity: an analysis of the 
333 evidence. Obes Rev 2002;3(4):273-87. doi: 10.1046/j.1467-789x.2002.00078.x [published 
334 Online First: 2002/12/03]
335 21. Hankinson AL, Daviglus ML, Bouchard C, et al. Maintaining a high physical activity level over 20 
336 years and weight gain. JAMA 2010;304(23):2603-10. doi: 10.1001/jama.2010.1843 
337 [published Online First: 2010/12/16]
338 22. Connor Gorber S, Tremblay M, Moher D, et al. A comparison of direct vs. self-report measures 
339 for assessing height, weight and body mass index: a systematic review. Obes Rev 
340 2007;8(4):307-26. doi: 10.1111/j.1467-789X.2007.00347.x [published Online First: 
341 2007/06/21]
342  

343

Page 18 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

18

344 TABLES

345 Table 1. Goodness of fit of group-based trajectory analysis models. The chosen models are shown in 

346 bold.

Smallest group
Model

n %
BIC1 AIC2 APP3

<51 years

1-cluster 31,797 100% -905,561 -905,509 1

2-cluster 8,234 26% -869,531 -869,432 0.94

3-cluster 3,331 10% -851,542 -851,397 0.92

4-cluster 1,490 5% -841,703 -841,510 0.89

5-cluster 898 3% -835,396 -835,157 0.87

>50 years

1-cluster 35,055 100% -869,200 -869,148 1

2-cluster 9,690 28% -836,174 -836,076 0.93

3-cluster 3,845 11% -819,600 -819,454 0.91

4-cluster 1,888 5% -809,601 -809,409 0.89

5-cluster 999 3% -803,977 -803,738 0.87

347 1 BIC = Bayesian Information Criterion, 2 AIC = Akaike information criterion, 3 APP = Smallest average 

348 posterior probability
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Figure 1. Trajectories of physical activity and body mass index amongst respondents <50 years95% 
confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. 

Time between responses is approximately four years. 
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Figure 2. Trajectories of physical activity and body mass index amongst respondents > 50 years95% 
confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. 

Time between responses is approximately four years.   
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1 

Table E1. Goodness of fit of group-based trajectory analysis models. The chosen models are shown 1 
in bold. 2 

Model Smallest group BIC1 AIC2 APP3 n % 
Men <51 years  

1-cluster 5,894 100% -156,412 -156,369 1 
2-cluster 1,469 25% -151,020 -150,938 0.93 
3-cluster 509 9% -148,201 -148,080 0.91 
4-cluster 292 5% -146,715 -146,555 0.88 
5-cluster 147 2% -145,799 -145,600 0.86 

Men >50 years    
1-cluster 7,490 100% -177,574 -177,530 1 
2-cluster 1,894 25% -171,451 -171,368 0.92 
3-cluster 622 8% -168,332 -168,209 0.90 
4-cluster 334 4% -166,442 -166,280 0.88 
5-cluster 174 2% -165,267 -165,066 0.87 

Women <51 
years 

  

1-cluster 25,903 100% -746,837 -746,786 1 
2-cluster 6,530 25% -715,572 -715,475 0.95 
3-cluster 2,773 11% -700,393 -700,250 0.92 
4-cluster 1,173 5% -692,029 -691,840 0.90 
5-cluster 745 3% -686,684 -686,449 0.87 

Women >50 
years 

  

1-cluster 27,565 100% -690,012 -689,961 1 
2-cluster 7,608 28% -662,602 -662,506 0.94 
3-cluster 3,164 11% -649,085 -648,944 0.91 
4-cluster 1,536 6% -641,136 -640,949 0.89 
5-cluster 842 3% -636,666 -636,433 0.86 

1 BIC = Bayesian Information Criterion, 2 AIC = Akaike information criterion, 3 APP = Smallest 3 
average posterior probability 4 

 5 
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Figure E1. Trajectories of physical activity and body mass index (BMI) amongst men < 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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Figure E2. Trajectories of physical activity and body mass index amongst men > 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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Figure E3. Trajectories of physical activity and body mass index amongst women < 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.
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Figure E4. Trajectories of physical activity and body mass index amongst women > 50 years
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(b) Report category boundaries when continuous variables were categorized  
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51 ABSTRACT

52 Objectives: To identify concurrent developmental trajectories of physical activity and body mass Index 

53 (BMI) over time.

54 Design: Prospective cohort study, repeated survey.

55 Setting: University research department and national institute of occupational health.

56 Participants: 66,852 public sector employees, who have been followed for 16 years.

57 Primary and secondary outcome measures: Shapes of trajectories of changes in physical activity and 

58 BMI. 

59 Results At baseline, mean age was 44.7 (SD 9.4) years, BMI 25.1 (SD 4.1) kg/m2 and physical activity 

60 27.7 (SD 24.8) MET-h/week. Four clusters of concurrent BMI and physical activity trajectories were 

61 identified. There was negative association between BMI and physical activity. 

62 Conclusions: Changes in BMI and physical activity might be interconnected. Decline in physical activity 

63 and increase in BMI were steeper among obese respondents with low level of physical activity.

64 Trial registration: The ethics committee of the Hospital District of Helsinki and Uusimaa approved the 

65 study (registration number HUS/1210/2016).

66 Keywords

67 “Physical activity”; “Body Mass Index”; "Population Dynamics"[Mesh]; "Population 

68 Characteristics"[Mesh]; “Population Health"[Mesh]; ("Prevalence"[Mesh]); "Longitudinal 

69 Studies"[Mesh]

70 Article Summary

71 Strengths and limitations of this study

72  Large cohort of 66,852 participants 

73  Repeated measures of physical activity and BMI during 16 years

74  Only leisure-time physical activity was taken into account leaving out work-related activity

75  Self-reported nature of estimates of BMI and physical activity might lead to information bias 
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76 INTRODUCTION

77 Both obesity and physical inactivity have negative impact on multiple aspects of health and they 

78 increase the risk of mortality 1-3. Ageing is associated with gaining weight and decreasing physical 

79 activity 4-6, but less is known whether these changes occur simultaneously and how much 

80 heterogeneity there is in the developmental trajectories of body weight and physical activity. 

81 Few studies have examined heterogeneity in weight development over time more closely. 

82 A study amongst 30-year-old US war veterans identified five different, but all increasing, trajectories 

83 of body mass index (BMI) over 6-year follow-up 6. However, the steepness of trajectories varied: while 

84 the non-obese participants showed only a small increase in BMI, the increase was much steeper 

85 among the participants with obesity. Another study from the US conducted on 60-year-old overweight 

86 participants identified seven weight trajectories of which most showed either stable overweight, 

87 continuously increasing BMI or relapse after weight loss. Even in the two trajectory groups showing 

88 decrease in BMI the participants remained overweight.7. 

89 Physical activity has also been reported to change over time. Leisure time physical activity 

90 among women has previously been reported to increase until age of 50 years and start to decrease 

91 after that.4 For men, the change in leisure time physical activity has been reported to vary between 

92 different types of activity - while moderate physical activity increased, low and high levels decreased.5 

93 Studies concerning trajectories of physical activity have found variation in development of activity. A 

94 22-year follow-up study from Canada among initially 18 to 60 year-olds has identified trajectories of 

95 consistently inactive, increasing, consistently active and decreasing leisure time physical activity.8 

96 Another study conducted in the US among 120 initially overweight people aged 54 (9) years has 

97 measured activity with pedometers and identified ”sedentary” and ”low active” groups (decreasing 

98 daily count of steps), ”somewhat active” group (persistent daily count of steps) and ”active” group 

99 (increased daily count of steps) in 18-month follow-up.9

100 The association between higher levels of physical activity and lower BMI has been established 

101 in adults 10 11, and there has been some evidence that this association might be most pronounced 
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102 when physical activity exceeds 150 min/week.10 There is, however, limited knowledge on 

103 simultaneous changes in these two factors. In short-term follow-up (18 months) among overweight 

104 54-year-old Canadians, a trajectory with increasing activity has been associated with a trajectory of 

105 greater weight loss.9 There is yet little knowledge on these two factors over longer follow-up. It is also 

106 unknown whether developmental patterns of BMI and physical activity differ by age or by gender. 

107 To address the gap in the literature, the objective of this study was to examine concurrent 

108 changes in BMI and physical activity over 16-year follow-up by using a group-based multi-trajectory 

109 analysis. While conventional statistics show a trajectory of average change of outcome over time, 

110 group-based trajectory modeling can distinguish and describe subpopulations (clusters), which may 

111 differ substantially from each other and from the average trajectory seen in the entire population. The 

112 aim was also to examine, whether the distinguished trajectories are different for less than 50-year-

113 olds and over 50-year-olds and whether the results are different when the study population is 

114 stratified by gender.
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115 METHODS

116 Study population

117 Participants were drawn from the Finnish Public Sector (FPS) cohort study of employees of 10 towns 

118 and six hospital districts. The FPS has been described in detail elsewhere.12 13 Data included responses 

119 to five questionnaire surveys administered to the FPS sub-cohorts in four-year intervals from 2000 to 

120 2017 (average response rate 70%). The baseline was the response given in 2000 or 2004. Participants 

121 who had reported their BMI and physical activity in at least two waves were included in the analysis. 

122 The ethics committee of the Hospital District of Helsinki and Uusimaa approved the study (registration 

123 number HUS/1210/2016).

124 Physical activity was assessed with a questionnaire at all four-year intervals. The respondents 

125 were asked to estimate their average weekly hours of leisure-time physical activity/exercise and 

126 commuting activity within the previous year. The time spent on activity at each intensity level in hours 

127 per week was multiplied by the average energy expenditure of each activity, expressed in metabolic 

128 equivalent of task (MET). 14 The MET is a ratio of rate of energy expenditure reflecting the amount of 

129 consumed energy compared to resting. One MET unit of 3.5 ml of oxygen per kg per minute 

130 corresponds to oxygen consumption when calmly sitting down. Weekly physical activity was expressed 

131 as MET-h/week and categorized as low (<14 MET-h/week), moderate (14 to <30 MET-h/week) or high 

132 (≥30 MET-h/week) physical activity levels.15 16 The definition of physical activity in the survey is 

133 presented in table 1. As recommended by the American Heart Association, 150 minutes of moderate-

134 intensity aerobic exercise each week is needed for optimal cardiovascular health. That is equal to 

135 about 8.3 MET-h/week.

136 The BMI was defined as weight/height2 (kg/m2) based on self-reported body weight and height. The 

137 interpretation of the mean level of BMI trajectories was based on the following categorization:  normal 

138 weight (<25 kg/m2), overweight (25 to 29.9 kg/m2), obese (30-34.9 kg/m2) and severely obese (35 
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139 kg/m2). Of the respondents, only 934 (1%) had BMI <18.5, and thus, for the matter of clarity, BMI <25 

140 was considered “normal”. Age was defined in full years. The cohort was divided in two approximately 

141 even age groups: <=50 (n=31,797, 48%) and >50 years (n=35,055, 52%).

142 Statistical analysis

143 The characteristics of participants were reported as means and standard deviations or as absolute 

144 numbers and percentage when appropriate. 

145 Group-based multi-trajectory analysis (GBTA) was used to distinguish different developmental 

146 trajectories for physical activity and BMI, both treated as continuous variables. A censored (known 

147 also as ‘regular’) normal model of group-based multi-trajectory analysis was used. The goodness of 

148 model fit was judged by running the procedure several times with a number of subpopulations starting 

149 from one up to six. The Bayesian Information Criterion (BIC), Akaike information criterion (AIC) and 

150 average posterior probability (APP) were used as criteria to confirm the goodness of fit. A cubic 

151 regression was applied. The cut-off for the smallest group was set at >5%.  The trajectory analysis was 

152 conducted on two age-groups <50 and >50 years as previous studies have suggested that changes in 

153 BMI and physical activity may vary depending on the age 17 18. The sensitivity analysis was conducted 

154 by dividing both age groups by gender. No adjustments for co-variables were made. 

155 All the analyses were performed using Stata/IC Statistical Software: Release 16. College 

156 Station (StataCorp LP, TX, USA). The additional Stata module ‘traj’ was required to conduct group-

157 based trajectory analysis. The module is freely available for both SAS® and Stata software (Jones and 

158 Nagin 1999; 2013). 

159 Patient and public involvement

160 Participants of research were not involved in setting the study question and outcome measures and 

161 were not involved in the design and implementation of the study or writing the manuscript.
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163 RESULTS

164 During the 16-year follow-up, the 66,852 participants had reported body weight and height on average 

165 in 3.5 (SD 1.3) study waves and physical activity in 3.6 (SD 1.3) study waves. The sample was 

166 predominated by 53,468 women (80%). In the younger group ( 50-year-olds) mean age was 39.8 (SD 

167 7.2), BMI at baseline was 24.6 (SD 4.0) kg/m2 and average physical activity was 28.8. (SD 25.5) MET-

168 h/week. In the older group (>50-year-olds), age was 55.0 (SD 2.9), BMI 25.6 (SD 4.2) kg/m2 and physical 

169 activity 26.7 (SD 24.1) MET-h/week.

170 A four-trajectory model was chosen as the five-trajectory model had resulted in a smallest group 

171 below a pre-agreed cut-off of 5% (Table 2). Four concurrent trajectories of BMI and physical activity 

172 were identified for both age groups (Figure 1 and Figure 2): 

1731. Group 1 (38% among  50 years, 32% among > 50 years): Individuals with normal weight (BMI <25 

174 kg/m2) and high level of physical activity (30-35 MET-h/week). 

1752. Group 2 (39% among  50 years, 42% among > 50 years): Individuals with overweight (BMI 25 to 30 

176 kg/m2) and moderately high level of physical activity (25-30 MET-h/week). 

1773. Group 3 (18% among  50 years, 21% among > 50 years): Individuals with obesity (BMI 30 to 35 kg/m2) 

178 and moderately low level of physical activity (20-25 MET-h/week). 

1794. Group 4 (5% among  50 years, 5% among > 50 years): Individuals with severe obesity (BMI >35 kg/m2) 

180 and low level of physical activity (<20 MET-h/week).  

181 Group 1: Individuals with normal weight and high level of physical activity

182 In this group, the younger respondents demonstrated a stable high level of physical activity with a 

183 slight rise towards the end of follow-up and their BMI increased slightly throughout the follow-up. For 

184 the older respondents, the level of physical activity decreased markedly during the follow-up, even if 

185 there was a slight rising pattern in the middle of follow-up. At the same time, the trajectory of BMI 

186 remained flat.

187 Group 2: Individuals with overweight and moderately high level of physical activity
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188 In this group, the level of physical activity declined in both age groups, but the decline was steeper 

189 among the older respondents. In younger respondents, the decrease of physical activity slowed down 

190 slightly towards the end of follow-up. Simultaneously, BMI was steadily growing among younger 

191 respondents, while remaining relatively flat in older group.

192 Group 3: Individuals with obesity and moderately low level of physical activity

193 The physical activity and BMI trajectories were similar to the trajectories observed in group of 

194 overweight individuals with moderately high level of physical activity (group #2), but with a slightly 

195 steeper decline in physical activity and steeper increase in BMI.

196 Group 4: Individuals with severe obesity and low level of physical activity

197 Also in this group, physical activity decreased and BMI increased. In younger respondents, this 

198 development slowed down at the end follow-up for both physical activity and BMI. Instead, in older 

199 respondents, the decrease in physical activity accelerated towards the end of follow-up with 

200 simultaneous slight decline in BMI.

201 Sensitivity analysis

202 Stratifying the respondents by gender in addition to age resulted in similar findings with few 

203 exceptions (supplementary figures E1-E4 and supplementary table E1). Among normal weight or 

204 overweight respondents, the decline in physical activity was steeper among men compared to women. 
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205 DISCUSSION

206 This prospective cohort study in 66,852 public sector employees followed repeatedly by 4-year 

207 intervals investigated trajectories of concurrent changes in BMI and physical activity over 16 years. 

208 Four trajectory clusters were identified for both participants aged 50 and for those >50 years: 1) 

209 individuals with normal weight and high level of physical activity; 2) individuals with overweight and 

210 moderately high level of physical activity; 3) individuals with obesity and moderately low level of 

211 physical activity; and 4) individuals with severe obesity and low level of physical activity. On average, 

212 BMI increased and physical activity decreased during the follow-up. Some trajectories demonstrated, 

213 however, distinctive features. Over time, the respondents with normal weight or overweight gained 

214 only a little weight while preserved a high or moderately high level of physical activity, even if the 

215 intensity of physical activity mildly decreased especially in older respondents. The decrease in physical 

216 activity and increase in BMI were steeper among the respondents with obesity or severe obesity, who 

217 had moderately low or low level of physical activity already at the start of the follow-up. Among the 

218 normal weight or overweight respondents, decline in physical activity was steeper among men 

219 compared to women.

220 The observed age-related weight gain is in line with previous studies 4-6 19, as well as the decline 

221 in physical activity 4 20 21. Previous studies have also shown that an increase in BMI slows down with 

222 advancing age, and this was also supported by the present findings – the rise in BMI was steeper in 

223 the younger respondents 22 23. During the follow-up, the decline in physical activity mirrored the 

224 increase in BMI. Similar findings have been reported before – several studies conducted among 

225 middle-aged adults have observed an association between physical activity and weight gain 10 11 24 25. 

226 This association has been described to be dose-dependent – physically active individuals gain less 

227 weight than inactive peers. 11 Current results support this finding, since the increase in BMI was less 

228 steep in the more active groups. The amount of activity needed to prevent weight gain has been 

229 debated. Some studies have concluded that current activity recommendations are not sufficient 

230 enough to prevent weight gain and that there is a need for higher activity to remain in the normally 
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231 weighted category 10 11 24. This is in line with the current findings – only high physical activity was 

232 associated with normal weight. 

233 The strengths of the study were long follow-up of 16 years, repeated measurements on 

234 physical activity and BMI, and a large sample size. For our knowledge, there are no previous multi-

235 trajectory analyses of the relation between physical activity and BMI conducted in adults. 

236 The study has also some limitations. Physical activity was self-reported and only leisure-time 

237 and commuting activity were inquired. Thus, physical activity at work was not considered. The 

238 distribution of physical activity intensity was skewed – most of the participants were at least 

239 somewhat active, and even in the least active group the mean activity level was approximately 18 

240 MET-h/week, which is approximately the equivalent of three hours of brisk walking weekly. BMI was 

241 also based on self-reported weight and height, which may cause recall and information bias, possibly 

242 resulting in under-reporting of body weight 26. Most of the participants had BMI above 25 indicating 

243 overweight or obesity (62% in the age group of 50 years and 68% in the older), which may reflect the 

244 current overweight and obesity pandemic. The cohort included predominantly working-age women 

245 employed in public sector. Therefore, the results might not be directly reflected on the entire 

246 population, since there might be variation in behavior, for instance among unemployed people or 

247 entrepreneurs. Moreover, a public sector often employs people with higher socioeconomic status, 

248 who might have more knowledge and financial resources to healthy lifestyle choices compared to 

249 manual workers. 

250 The results may be of interest for both clinicians and stockholders when applying measures 

251 targeting increasing physical activity and controlling weight especially among people of middle-age. 

252 Additionally, the information on the established trajectories may give people more motivation to 

253 change their health behavior. Further research may reveal risk factors that affect developmental 

254 trajectories seen in this study. Such factors may be, for example, gender, socio-economic status, 

255 smoking, alcohol consumption and concurrent health disorders among others.

256 Conclusions
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257 Changes in BMI and physical activity might be interconnected. The normal weight or overweight 

258 respondents gained only a little weight while preserved a high or moderately high level of physical 

259 activity. Compared to normal weight trajectories, the decrease of physical activity and increase in BMI 

260 were markedly steeper among the obese or severely obese trajectories, who also had moderately low 

261 or low level of physical activity. The findings were similar for both age groups. Among the normal 

262 weight and overweight trajectories, decline in physical activity was steeper among men compared to 

263 women. Since physical inactivity and overweight are both risk factors for many diseases, more 

264 research is needed to develop interventions that could simultaneously affect both.  
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265 LIST OF ABBREVIATIONS

266 BMI: Body Mass Index

267 FPS: Finnish Public Sector cohort study

268 MET: Metabolic Equivalent of Task

269

270 FIGURE LEGENDS

271 Figure 1. Trajectories of physical activity and body mass index amongst respondents <50 years

272 95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in 

273 the figure. Time between responses is approximately four years. 

274

275 Figure 2. Trajectories of physical activity and body mass index amongst respondents > 50 years

276 95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in 

277 the figure. Time between responses is approximately four years.  
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366 TABLES

367 Table 1. Defining the level of physical activity in the survey.

What was the intensity and frequency of your average physical activity (leisure 
or commuting) during the past year (or since the onset of your disease if the 
disease had begun less than a year ago)?

Amount per weekIntensity
(Mark all four options) None <½ hour 1 hour 2 – 3 

hours
> 4 

hours
Normal walking or 

respective
Brisk walking or respective 
Light jogging or respective
Brisk jogging or respective

The responses were converted into MET units according to a following 
scheme.

MET minutes per weekIntensity
(Mark all four options) None <½ hour 1 hour 2 – 3 

hours
> 4 

hours
Normal walking or 

respective 0 69 138 345 550

Brisk walking or respective 0 99 198 495 792
Light jogging or respective 0 210 420 1050 1680
Brisk jogging or respective 0 240 480 1200 1920

368
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369 Table 2. Goodness of fit of group-based trajectory analysis models. The chosen models are shown in 

370 bold.

Smallest group
Model

n %
BIC1 AIC2 APP3

50 years

1-cluster model 31,797 100% -905,561 -905,509 1

2-cluster model 8,234 26% -869,531 -869,432 0.94

3-cluster model 3,331 10% -851,542 -851,397 0.92

4-cluster model 1,490 5% -841,703 -841,510 0.89

5-cluster model 898 3% -835,396 -835,157 0.87

>50 years

1-cluster model 35,055 100% -869,200 -869,148 1

2-cluster model 9,690 28% -836,174 -836,076 0.93

3-cluster model 3,845 11% -819,600 -819,454 0.91

4-cluster model 1,888 5% -809,601 -809,409 0.89

5-cluster model 999 3% -803,977 -803,738 0.87

371 1 BIC = Bayesian Information Criterion, 2 AIC = Akaike information criterion, 3 APP = Smallest average 

372 posterior probability

373
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Roosa Tiusanen
Figure E1. Trajectories of physical activity and body mass index (BMI) amongst men < 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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Figure E2. Trajectories of physical activity and body mass index amongst men > 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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Figure E3. Trajectories of physical activity and body mass index amongst women < 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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Figure E4. Trajectories of physical activity and body mass index amongst women > 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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1 

Table E1. Goodness of fit of group-based trajectory analysis models. The chosen models are shown 
in bold. 

Model Smallest group BIC1 AIC2 APP3 n % 
Men <51 years  

1-cluster 5,894 100% -156,412 -156,369 1 
2-cluster 1,469 25% -151,020 -150,938 0.93 
3-cluster 509 9% -148,201 -148,080 0.91 
4-cluster 292 5% -146,715 -146,555 0.88 
5-cluster 147 2% -145,799 -145,600 0.86 

Men >50 years    
1-cluster 7,490 100% -177,574 -177,530 1 
2-cluster 1,894 25% -171,451 -171,368 0.92 
3-cluster 622 8% -168,332 -168,209 0.90 
4-cluster 334 4% -166,442 -166,280 0.88 
5-cluster 174 2% -165,267 -165,066 0.87 

Women <51 
years 

  

1-cluster 25,903 100% -746,837 -746,786 1 
2-cluster 6,530 25% -715,572 -715,475 0.95 
3-cluster 2,773 11% -700,393 -700,250 0.92 
4-cluster 1,173 5% -692,029 -691,840 0.90 
5-cluster 745 3% -686,684 -686,449 0.87 

Women >50 
years 

  

1-cluster 27,565 100% -690,012 -689,961 1 
2-cluster 7,608 28% -662,602 -662,506 0.94 
3-cluster 3,164 11% -649,085 -648,944 0.91 
4-cluster 1,536 6% -641,136 -640,949 0.89 
5-cluster 842 3% -636,666 -636,433 0.86 

1 BIC = Bayesian Information Criterion, 2 AIC = Akaike information criterion, 3 APP = Smallest 
average posterior probability 
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 1 

STROBE Statement—Checklist of items that should be included in reports of cohort studies  
 

 Item 
No Recommendation 

Page 
No 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 
abstract 

1 

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found 

4 

Introduction 
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

6,7 

Objectives 3 State specific objectives, including any prespecified hypotheses 7 

Methods 
Study design 4 Present key elements of study design early in the paper 8 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection 

8 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up 

8 

(b) For matched studies, give matching criteria and number of exposed and 
unexposed 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable 

8 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group 

8 

Bias 9 Describe any efforts to address potential sources of bias 9 

Study size 10 Explain how the study size was arrived at 8 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why 

9 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 
confounding 

9 

(b) Describe any methods used to examine subgroups and interactions 9 

(c) Explain how missing data were addressed 9 

(d) If applicable, explain how loss to follow-up was addressed  

(e) Describe any sensitivity analyses 9 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed 

10 

(b) Give reasons for non-participation at each stage  

(c) Consider use of a flow diagram  

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders 

10 

(b) Indicate number of participants with missing data for each variable of 
interest 

 

(c) Summarise follow-up time (eg, average and total amount)  

Outcome data 15* Report numbers of outcome events or summary measures over time 10,11 
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 2 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included 

10,11 

(b) Report category boundaries when continuous variables were categorized  

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period 

 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses 

10,11 

Discussion 
Key results 18 Summarise key results with reference to study objectives 12 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias 

13 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence 

12,13 

Generalisability 21 Discuss the generalisability (external validity) of the study results 13 

Other information 
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 

2 

 
*Give information separately for exposed and unexposed groups. 
 
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org. 
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47 ABSTRACT

48 Objectives: To identify concurrent developmental trajectories of physical activity and body mass index 

49 (BMI) over time.

50 Design: Prospective cohort study, repeated survey.

51 Setting: Cohort study in Finland.

52 Participants: 66,852 public sector employees, who have been followed up for 16 years.

53 Outcome measures: Shapes of trajectories of changes in physical activity and BMI. 

54 Results: At baseline, mean age was 44.7 (SD 9.4) years, BMI 25.1 (SD 4.1) kg/m2 and physical activity 

55 27.7 (SD 24.8) MET-h/week. Four clusters of concurrent BMI and physical activity trajectories were 

56 identified: 1) normal weight (BMI <25 kg/m2) and high level of physical activity (30-35 MET-h/week), 

57 2) overweight (BMI 25 to 30 kg/m2) and moderately high level of physical activity (25-30 MET-h/week), 

58 3) obesity (BMI 30 to 35 kg/m2) and moderately low level of physical activity (20-25 MET-h/week) and 

59 4) severe obesity (BMI >35 kg/m2) and low level of physical activity (<20 MET-h/week). In general, BMI 

60 increased and physical activity decreased during the follow-up. Decline in physical activity and 

61 increase in BMI were steeper among obese respondents with low level of physical activity.

62 Conclusions: Changes in BMI and physical activity might be interconnected. The results may be of 

63 interest for both clinicians and other stakeholders with respect to informing measures targeting 

64 increasing physical activity and controlling weight, especially among middle-aged people. Additionally, 

65 the information on the established trajectories may give individuals motivation to change their health 

66 behavior.

67 Keywords

68 “Physical activity”; “Body Mass Index”; "Population Dynamics"[Mesh]; "Population 

69 Characteristics"[Mesh]; “Population Health"[Mesh]; ("Prevalence"[Mesh]); "Longitudinal 

70 Studies"[Mesh]

71

72 Article Summary
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73 Strengths and limitations of this study

74  Large cohort of 66,852 participants.

75  Repeated measures of physical activity and BMI over 16 years.

76  Only leisure-time physical activity was taken into account, leaving out work-related activity.

77  The self-reported nature of estimates of BMI and physical activity might lead to information 

78 bias.

79

80 INTRODUCTION

81 Both obesity and physical inactivity have negative impact on multiple aspects of health and they 

82 increase the risk of mortality 1-3. Ageing is associated with gaining weight and decreasing physical 

83 activity 4-6, but less is known whether these changes occur simultaneously and how much 

84 heterogeneity there is in the developmental trajectories of body weight and physical activity. 

85 Few studies have examined heterogeneity in weight development over time more closely. 

86 A study amongst 30-year-old US war veterans identified five different, but all increasing, trajectories 

87 of body mass index (BMI) over 6-year follow-up 6. However, the steepness of trajectories varied: while 

88 the non-obese participants showed only a small increase in BMI, the increase was much steeper 

89 among the participants with obesity. Another study from the US conducted on 60-year-old overweight 

90 participants identified seven weight trajectories of which most showed either stable overweight, 

91 continuously increasing BMI or relapse after weight loss. Even in the two trajectory groups showing 

92 decrease in BMI the participants remained overweight.7. 

93 Physical activity has also been reported to change over time. Leisure time physical activity 

94 among women has previously been reported to increase until age of 50 years and start to decrease 

95 after that.4 For men, the change in leisure time physical activity has been reported to vary between 

96 different types of activity - while moderate physical activity increased, low and high levels decreased.5 
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97 Studies concerning trajectories of physical activity have found variation in development of activity. A 

98 22-year follow-up study from Canada among initially 18 to 60 year-olds has identified trajectories of 

99 consistently inactive, increasing, consistently active and decreasing leisure time physical activity.8 

100 Another study conducted in the US among 120 initially overweight people aged 54 (9) years has 

101 measured activity with pedometers and identified ”sedentary” and ”low active” groups (decreasing 

102 daily count of steps), ”somewhat active” group (persistent daily count of steps) and ”active” group 

103 (increased daily count of steps) in 18-month follow-up.9

104 The association between higher levels of physical activity and lower BMI has been established 

105 in adults 10 11, and there has been some evidence that this association might be most pronounced 

106 when physical activity exceeds 150 min/week.10 There is, however, limited knowledge on 

107 simultaneous changes in these two factors. In short-term follow-up (18 months) among overweight 

108 54-year-old Canadians, a trajectory with increasing activity has been associated with a trajectory of 

109 greater weight loss.9 There is yet little knowledge on these two factors over longer follow-up. It is also 

110 unknown whether developmental patterns of BMI and physical activity differ by age or by gender. 

111 To address the gap in the literature, the objective of this study was to examine concurrent 

112 changes in BMI and physical activity over 16-year follow-up by using a group-based multi-trajectory 

113 analysis. While conventional statistics show a trajectory of average change of outcome over time, 

114 group-based trajectory modeling can distinguish and describe subpopulations (clusters), which may 

115 differ substantially from each other and from the average trajectory seen in the entire population. The 

116 aim was also to examine, whether the distinguished trajectories are different for less than 50-year-

117 olds and over 50-year-olds and whether the results are different when the study population is 

118 stratified by gender.
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119 METHODS

120 Study population

121 Participants were drawn from the Finnish Public Sector (FPS) cohort study, a dynamic cohort with 

122 follow-up intervals two to four years initiated from 1998/2000. It consists of employees in the 

123 municipal services of 10 Finnish towns and 21 public hospitals, who had a job contract for a minimum 

124 of 6 months. In year 2000, the most common occupations of the respondents were registered nurse 

125 (23%), teacher (19%), practical nurse (13%) and cleaner (10%). The FPS has been described in more 

126 detail elsewhere.12 13 Data in the current study included responses to five questionnaire surveys 

127 administered in 2000-2002, 2004-2005, 2008-2009 and 2016-2017to 2017 (average response rate 

128 70%). The baseline was the response given in 2000-2002 or 2004-2005. Participants who had reported 

129 their BMI and physical activity in at least two waves were included in the analysis. The ethics 

130 committee of the Hospital District of Helsinki and Uusimaa approved the study (registration number 

131 HUS/1210/2016).

132 Physical activity was assessed with a questionnaire at all survey waves. The respondents were 

133 asked to estimate their average weekly hours of leisure-time physical activity/exercise and commuting 

134 activity within the previous year. The time spent on activity at each intensity level in hours per week 

135 was multiplied by the average energy expenditure of each activity, expressed in metabolic equivalent 

136 of task (MET). 14 The MET is a ratio of rate of energy expenditure reflecting the amount of consumed 

137 energy compared to resting. One MET unit of 3.5 ml of oxygen per kg per minute corresponds to 

138 oxygen consumption when calmly sitting down. Weekly physical activity was expressed as MET-

139 h/week and categorized as low (<14 MET-h/week), moderate (14 to <30 MET-h/week) or high (≥30 

140 MET-h/week) physical activity levels.15 16 This categorization was chosen since physical activity higher 

141 than 14 MET-h/week has been reported to be associated with cardiovascular disease17 and the activity 

142 level of 30 MET-h/week has been shown to be needed for weight management18. 14 MET-h/week is 
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143 approximately the equivalent of 140 minutes of brisk walking weekly. The definition of physical activity 

144 in the survey is presented in supplementary table E1.

145 The BMI was defined as weight/height2 (kg/m2) based on self-reported body weight and height. The 

146 interpretation of the mean level of BMI trajectories was based on the following categorization: normal 

147 weight (<25 kg/m2), overweight (25 to 29.9 kg/m2), obese (30-34.9 kg/m2) and severely obese (35 

148 kg/m2). Of the respondents, only 934 (1%) had BMI <18.5, and thus, for the matter of clarity, BMI <25 

149 was considered “normal”. Age was defined in full years. The cohort was divided in two approximately 

150 even age groups: <=50 (n=31,797, 48%) and >50 years (n=35,055, 52%).

151 Statistical analysis

152 The characteristics of participants were reported as means and standard deviations or as absolute 

153 numbers and percentage when appropriate. 

154 Group-based multi-trajectory analysis (GBTA) was used to distinguish different developmental 

155 trajectories for physical activity and BMI, both treated as continuous variables. This method is a form 

156 of finite mixture modeling for analyzing longitudinal repeated measures data. While conventional 

157 statistics show a trajectory of average change of outcome over time, group-based trajectory modeling 

158 is able to distinguish and describe subpopulations (clusters) existing within a studied population. A 

159 censored (known also as ‘regular’) normal model of group-based multi-trajectory analysis was used. 

160 The goodness of model fit was judged by running the procedure several times with a number of 

161 trajectory clusters starting from one up to five, until the smallest group was below the pre-agreed cut-

162 off at >5%. The Bayesian Information Criterion (BIC), Akaike information criterion (AIC) and average 

163 posterior probability (APP) were used as criteria to confirm the goodness of fit. A cubic regression was 

164 applied. The trajectory analysis was conducted on two age-groups <50 and >50 years as previous 

165 studies have suggested that changes in BMI and physical activity may vary depending on the age 19 20. 

166 The sensitivity analysis was conducted by dividing both age groups by gender. No adjustments for co-

167 variables were made. 
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168 All the analyses were performed using Stata/IC Statistical Software: Release 16. College 

169 Station (StataCorp LP, TX, USA). The additional Stata module ‘traj’ was required to conduct group-

170 based trajectory analysis. The module is freely available for both SAS® and Stata software (Jones and 

171 Nagin 1999; 2013). 

172 Patient and public involvement

173 Participants of research were not involved in setting the study question and outcome measures and 

174 were not involved in the design and implementation of the study or writing the manuscript.
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176 RESULTS

177 During the 16-year follow-up, the 66,852 participants had reported body weight and height on average 

178 in 3.5 (SD 1.3) study waves and physical activity in 3.6 (SD 1.3) study waves. The sample was 

179 predominated by 53,468 women (80%). In the younger group ( 50-year-olds) mean age was 39.8 (SD 

180 7.2), BMI at baseline was 24.6 (SD 4.0) kg/m2 and average physical activity was 28.8. (SD 25.5) MET-

181 h/week. In the older group (>50-year-olds), age was 55.0 (SD 2.9), BMI 25.6 (SD 4.2) kg/m2 and physical 

182 activity 26.7 (SD 24.1) MET-h/week.

183 A four-trajectory model was chosen as the five-trajectory model had resulted in a smallest group 

184 below a pre-agreed cut-off of 5% (Table 1). Four concurrent trajectories of BMI and physical activity 

185 were identified for both age groups (Figure 1 and Figure 2): 

1861. Group 1 (38% among  50 years, 32% among > 50 years): Individuals with normal weight (BMI <25 

187 kg/m2) and high level of physical activity (30-35 MET-h/week). 

1882. Group 2 (39% among  50 years, 42% among > 50 years): Individuals with overweight (BMI 25 to 30 

189 kg/m2) and moderately high level of physical activity (25-30 MET-h/week). 

1903. Group 3 (18% among  50 years, 21% among > 50 years): Individuals with obesity (BMI 30 to 35 kg/m2) 

191 and moderately low level of physical activity (20-25 MET-h/week). 

1924. Group 4 (5% among  50 years, 5% among > 50 years): Individuals with severe obesity (BMI >35 kg/m2) 

193 and low level of physical activity (<20 MET-h/week).

194 Group 1: Individuals with normal weight and high level of physical activity

195 In this group, the younger respondents demonstrated a stable high level of physical activity with a 

196 slight rise towards the end of follow-up and their BMI increased slightly throughout the follow-up. For 

197 the older respondents, the level of physical activity decreased markedly during the follow-up, even if 

198 there was a slight rising pattern in the middle of follow-up. At the same time, the trajectory of BMI 

199 remained flat.

200 Group 2: Individuals with overweight and moderately high level of physical activity
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201 In this group, the level of physical activity declined in both age groups, but the decline was steeper 

202 among the older respondents. In younger respondents, the decrease of physical activity slowed down 

203 slightly towards the end of follow-up. Simultaneously, BMI was steadily growing among younger 

204 respondents, while remaining relatively flat in older group.

205 Group 3: Individuals with obesity and moderately low level of physical activity

206 The physical activity and BMI trajectories were similar to the trajectories observed in group of 

207 overweight individuals with moderately high level of physical activity (group #2), but with a slightly 

208 steeper decline in physical activity and steeper increase in BMI.

209 Group 4: Individuals with severe obesity and low level of physical activity

210 Also in this group, physical activity decreased and BMI increased. In younger respondents, this 

211 development slowed down at the end follow-up for both physical activity and BMI. Instead, in older 

212 respondents, the decrease in physical activity accelerated towards the end of follow-up with 

213 simultaneous slight decline in BMI.

214 Sensitivity analysis

215 Stratifying the respondents by gender in addition to age resulted in similar findings with few 

216 exceptions (supplementary figures E1-E4 and supplementary table E2). Among normal weight or 

217 overweight respondents, the decline in physical activity was steeper among men compared to women. 
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218 DISCUSSION

219 This prospective cohort study in 66,852 public sector employees followed repeatedly by 4-year 

220 intervals investigated trajectories of concurrent changes in BMI and physical activity over 16 years. 

221 Four trajectory clusters were identified for both participants aged 50 and for those >50 years: 1) 

222 individuals with normal weight and high level of physical activity; 2) individuals with overweight and 

223 moderately high level of physical activity; 3) individuals with obesity and moderately low level of 

224 physical activity; and 4) individuals with severe obesity and low level of physical activity. On average, 

225 BMI increased and physical activity decreased during the follow-up. Some trajectories demonstrated, 

226 however, distinctive features. Over time, the respondents with normal weight or overweight gained 

227 only a little weight while preserved a high or moderately high level of physical activity, even if the 

228 intensity of physical activity mildly decreased especially in older respondents. The decrease in physical 

229 activity and increase in BMI were steeper among the respondents with obesity or severe obesity, who 

230 had moderately low or low level of physical activity already at the start of the follow-up. Among the 

231 normal weight or overweight respondents, decline in physical activity was steeper among men 

232 compared to women.

233 The observed age-related weight gain is in line with previous studies 4-6 21, as well as the decline 

234 in physical activity 4 22 23. Previous studies have also shown that an increase in BMI slows down with 

235 advancing age, and this was also supported by the present findings – the rise in BMI was steeper in 

236 the younger respondents 24 25. During the follow-up, the decline in physical activity mirrored the 

237 increase in BMI. Similar findings have been reported before – several studies conducted among 

238 middle-aged adults have observed an association between physical activity and weight gain 10 11 26 27. 

239 This association has been described to be dose-dependent – physically active individuals gain less 

240 weight than inactive peers. 11 Current results support this finding, since the increase in BMI was less 

241 steep in the more active groups. The amount of activity needed to prevent weight gain has been 

242 debated. Some studies have concluded that current activity recommendations are not sufficient 

243 enough to prevent weight gain and that there is a need for higher activity to remain in the normally 
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244 weighted category 10 11 26. This is in line with the current findings – only high physical activity was 

245 associated with normal weight. 

246 The strengths of the study were long follow-up of 16 years, repeated measurements on 

247 physical activity and BMI, and a large sample size. For our knowledge, there are no previous multi-

248 trajectory analyses of the relation between physical activity and BMI conducted in adults. 

249 The study has also some limitations. Physical activity was self-reported and only leisure-time 

250 and commuting activity were inquired. Thus, physical activity at work was not considered. The 

251 distribution of physical activity intensity was skewed – most of the participants were at least 

252 somewhat active, and even in the least active group the mean activity level was approximately 18 

253 MET-h/week, which is approximately the equivalent of three hours of brisk walking weekly. BMI was 

254 also based on self-reported weight and height, which may cause recall and information bias, possibly 

255 resulting in under-reporting of body weight 28. Most of the participants had BMI above 25 indicating 

256 overweight or obesity (62% in the age group of 50 years and 68% in the older), which may reflect the 

257 current overweight and obesity pandemic. The cohort included predominantly working-age women 

258 employed in public sector. Therefore, the results might not be directly reflected on the entire 

259 population, since there might be variation in behavior, for instance among unemployed people or 

260 entrepreneurs. Moreover, a public sector often employs people with higher socioeconomic status, 

261 who might have more knowledge and financial resources to healthy lifestyle choices compared to 

262 manual workers. 

263 The results may be of interest for both clinicians and other stakeholders with respect to 

264 informing measures targeting increasing physical activity and controlling weight, especially among 

265 middle-aged people. Additionally, the information on the established trajectories may give people 

266 more motivation to change their health behavior. Further research may reveal risk factors that affect 

267 developmental trajectories seen in this study. Such factors may be, for example, gender, socio-

268 economic status, smoking, alcohol consumption and concurrent health disorders among others.

269 Conclusions
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270 Changes in BMI and physical activity might be interconnected. The normal weight or overweight 

271 respondents gained only a little weight while preserved a high or moderately high level of physical 

272 activity. Compared to normal weight trajectories, the decrease of physical activity and increase in BMI 

273 were markedly steeper among the obese or severely obese trajectories, who also had moderately low 

274 or low level of physical activity. The findings were similar for both age groups. Among the normal 

275 weight and overweight trajectories, decline in physical activity was steeper among men compared to 

276 women. Since physical inactivity and overweight are both risk factors for many diseases, more 

277 research is needed to develop interventions that could simultaneously affect both.
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278 LIST OF ABBREVIATIONS

279 BMI: Body Mass Index

280 FPS: Finnish Public Sector cohort study

281 MET: Metabolic Equivalent of Task

282

283 FIGURE LEGENDS

284 Figure 1. Trajectories of physical activity and body mass index amongst respondents <50 years

285 95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in 

286 the figure. Time between responses is approximately four years. 

287

288 Figure 2. Trajectories of physical activity and body mass index amongst respondents > 50 years

289 95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in 

290 the figure. Time between responses is approximately four years.
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385 TABLES

386 Table 1. Goodness of fit of group-based trajectory analysis models. The chosen models are shown in 

387 bold.

Smallest group
Model

n %
BIC1 AIC2 APP3

50 years

1-cluster model 31,797 100% -905,561 -905,509 1

2-cluster model 8,234 26% -869,531 -869,432 0.94

3-cluster model 3,331 10% -851,542 -851,397 0.92

4-cluster model 1,490 5% -841,703 -841,510 0.89

5-cluster model 898 3% -835,396 -835,157 0.87

>50 years

1-cluster model 35,055 100% -869,200 -869,148 1

2-cluster model 9,690 28% -836,174 -836,076 0.93

3-cluster model 3,845 11% -819,600 -819,454 0.91

4-cluster model 1,888 5% -809,601 -809,409 0.89

5-cluster model 999 3% -803,977 -803,738 0.87

388 1 BIC = Bayesian Information Criterion, 2 AIC = Akaike information criterion, 3 APP = Smallest average 

389 posterior probability

390
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Roosa Tiusanen
Figure E1. Trajectories of physical activity and body mass index (BMI) amongst men < 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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Roosa Tiusanen
Figure E2. Trajectories of physical activity and body mass index amongst men > 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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Roosa Tiusanen
Figure E3. Trajectories of physical activity and body mass index amongst women < 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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Roosa Tiusanen
Figure E4. Trajectories of physical activity and body mass index amongst women > 50 years
95% confidence limits are shown as dot-lines. For BMI, very narrow 95% CIs are poorly separable in the figure. Time between responses is approximately four years.  
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Table E1. Defining the level of physical activity in the survey. 

What was the intensity and frequency of your average physical activity (leisure or 
commuting) during the past year (or since the onset of your disease if the disease had 
begun less than a year ago)? 

Intensity 
(Mark all four options) 

Amount per week 
None <½ hour 1 hour 2 – 3 hours > 4 hours 

Normal walking or respective      
Brisk walking or respective       
Light jogging or respective      
Brisk jogging or respective      

 
The responses were converted into MET units according to a following scheme. 

Intensity 
(Mark all four options) 

MET minutes per week 
None <½ hour 1 hour 2 – 3 hours > 4 hours 

Normal walking or respective 0 69 138 345 550 
Brisk walking or respective  0 99 198 495 792 
Light jogging or respective 0 210 420 1050 1680 
Brisk jogging or respective 0 240 480 1200 1920 
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1 

Table E2. Goodness of fit of group-based trajectory analysis models. The chosen models are shown 
in bold. 

Model Smallest group BIC1 AIC2 APP3 n % 
Men <51 years  

1-cluster 5,894 100% -156,412 -156,369 1 
2-cluster 1,469 25% -151,020 -150,938 0.93 
3-cluster 509 9% -148,201 -148,080 0.91 
4-cluster 292 5% -146,715 -146,555 0.88 
5-cluster 147 2% -145,799 -145,600 0.86 

Men >50 years    
1-cluster 7,490 100% -177,574 -177,530 1 
2-cluster 1,894 25% -171,451 -171,368 0.92 
3-cluster 622 8% -168,332 -168,209 0.90 
4-cluster 334 4% -166,442 -166,280 0.88 
5-cluster 174 2% -165,267 -165,066 0.87 

Women <51 
years 

  

1-cluster 25,903 100% -746,837 -746,786 1 
2-cluster 6,530 25% -715,572 -715,475 0.95 
3-cluster 2,773 11% -700,393 -700,250 0.92 
4-cluster 1,173 5% -692,029 -691,840 0.90 
5-cluster 745 3% -686,684 -686,449 0.87 

Women >50 
years 

  

1-cluster 27,565 100% -690,012 -689,961 1 
2-cluster 7,608 28% -662,602 -662,506 0.94 
3-cluster 3,164 11% -649,085 -648,944 0.91 
4-cluster 1,536 6% -641,136 -640,949 0.89 
5-cluster 842 3% -636,666 -636,433 0.86 

1 BIC = Bayesian Information Criterion, 2 AIC = Akaike information criterion, 3 APP = Smallest 
average posterior probability 
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abstract 
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(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found 
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Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

6,7 

Objectives 3 State specific objectives, including any prespecified hypotheses 7 

Methods 
Study design 4 Present key elements of study design early in the paper 8 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection 

8 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up 

8 

(b) For matched studies, give matching criteria and number of exposed and 
unexposed 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable 

8 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group 

8 

Bias 9 Describe any efforts to address potential sources of bias 9 

Study size 10 Explain how the study size was arrived at 8 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why 

9 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 
confounding 

9 

(b) Describe any methods used to examine subgroups and interactions 9 

(c) Explain how missing data were addressed 9 

(d) If applicable, explain how loss to follow-up was addressed  

(e) Describe any sensitivity analyses 9 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed 

10 

(b) Give reasons for non-participation at each stage  

(c) Consider use of a flow diagram  

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders 

10 

(b) Indicate number of participants with missing data for each variable of 
interest 

 

(c) Summarise follow-up time (eg, average and total amount)  

Outcome data 15* Report numbers of outcome events or summary measures over time 10,11 
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included 

10,11 

(b) Report category boundaries when continuous variables were categorized  

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period 

 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses 

10,11 

Discussion 
Key results 18 Summarise key results with reference to study objectives 12 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias 

13 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence 

12,13 

Generalisability 21 Discuss the generalisability (external validity) of the study results 13 

Other information 
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 
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*Give information separately for exposed and unexposed groups. 
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published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
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